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Introduction
============

Students learn and share knowledge with their peers and role models by observing and participating in a learning environment \[[@REF1]-[@REF3]\]. Students' clinical duties of an emergency medicine (EM) clerkship which are performed in their hospital shifts improve their learning and practical skills \[[@REF4],[@REF5]\]. A list of clinical procedures has been suggested by the current EM undergraduate curriculum \[[@REF6]\]. However, studies showed that most students do not encounter all the recommended procedures during the clerkship period \[[@REF7]-[@REF9]\].

Achievable and measurable learning objectives are the driving forces for a successful clerkship \[[@REF10]\]. Our goal, as medical educators, is to ensure successful and enjoyable learning experiences for students with clear learning objectives, comprehensive educational plan, healthy and rich clinical practice environment, as well as proper assessments. Different modern teaching methods such as flipped classroom, team-based learning, simulations, and skills practices improve student learning \[[@REF11]-[@REF14]\]. We use these varied methods to teach our students. Objective structured clinical examination (OSCE) is a validated assessment tool for practical skills, which is used for undergraduate students in the EM clerkship \[[@REF15],[@REF16]\].

Although medical students improve their confidence in procedural skills after the completion of an EM clerkship \[[@REF5]\], this did not correlate with the outcome of assessments in numerous studies \[[@REF17]-[@REF19]\]. In contrast, Pugh et al. have shown a significant correlation between clinical experience and OSCE scores in internal medicine \[[@REF20]\]. It is not known how clinical procedural experiences affect OSCE scores of undergraduate medical students in the EM clerkships. This study aimed to evaluate the effect of the final-year medical students' clinical experience in performing certain procedures on their OSCE scores in the EM clerkship.

Materials and methods
=====================

Ethical Approval

The Research and Graduate Studies Ethics Committee of United Arab Emirates University has approved this study (Reference No: ERS_2017_5548).

Study Design and Setting

This is a retrospective analysis of prospectively collected clinical data of medical students and their OSCE scores for the two academic years (2015-2017). The EM clerkship evaluated is a four-week rotation for the students. These students rotate in two teaching hospitals (Tawam and Al Ain), where they experience clinical cases and perform procedures. Annually, approximately 127,000 emergency patients are treated at Tawam Hospital ED, whereas approximately 164,000 emergency patients are treated at Al Ain Hospital. 

Selection of Participants and Clinical Experience

A total of 141 final-year medical students were trained in the EM clerkship. Annually, there are five EM clerkship rotations at our college. There were 9-17 students in each group. During the 2015-2016 clerkship, each student had a total of 12 clinical shifts in the two hospitals, and each shift was eight hours. The 2016-2017 students had a total of 10 clinical shifts, and each clinical shift was nine hours. Students worked in the fast track area, resuscitation room, urgent care area, and the pediatric unit of both EDs.

Simulation and Clinical Skills Training

The students were exposed to one-hour case-based didactic and two-hour hands-on training on each of suturing, Extended focused assessment sonography for trauma (EFAST), airway management skills, and cardiopulmonary resuscitation (CPR) in the Simulation and Clinical Skills Center of the College of Medicine and Health Sciences. The EM clerkship director gave didactic sessions to all groups. Hands-on sessions were instructed by the EM clerkship director, core faculty members, and chief residents of the Tawam EM residency program. A high-fidelity manikin was used for CPR training, which includes arrest code management, basic life support (BLS), and advanced cardiac life support applications. Airway manikins were used with oral, nasal, laryngeal mask airway placement, bag-valve-mask application, and endotracheal intubation. Simulated patients were used for EFAST practice. Suture pads were used for suturing practice.

Data Collection

At the beginning of clerkship, the clerkship director gave a full hour orientation about data logging. After each encounter, the students recorded the main procedures into hardcopy logbooks during 2015-2016, and online logbooks during 2016-2017 academic years.

Methods of data collection have been recently published in detail \[[@REF21]\]. The data in the 2016-2017 electronic logbooks were directly extracted into a spreadsheet. Suturing, EFAST, airway management skills, and CPR encounters, as well as their involvement levels, were extracted from the database.

Objective Structured Clinical Examination

Examiners were core faculty members of the Tawam EM residency program. OSCE sheets were drafted by the EM clerkship director under the guidance of learning objectives and outcomes of the course for each specific station. OSCE sheets were then vetted by a group of core faculty members and chief residents of the EM residency program, and a final version was developed. The same OSCE scoring sheets were used for all student groups. The practical skills stations which were expected to be practiced in hospitals were airway management skills, CPR, EFAST, and suturing. Pre-OSCE instructive meetings with examiners of all OSCE stations were done 30 minutes before the OSCE. Examiners received specific training on utilization and consistency when grading students. Students were informed about the stations, and clear instructions were given to them before the OSCE. An instruction sheet was put outside the door of the OSCE station and inside the room. One examiner per station was preferred because the studies show inter-rater agreement is generally satisfactory. Therefore, using one examiner per station was both reliable and feasible \[[@REF22]\]. Each station lasted for seven minutes. The passing score for each clerkship in our college is 75%. The A grade (top) students were defined by our university to achieve ≥90% of the score.

Data Analysis

There was a consensus by authors to weigh the clinical experience level gained per encounter as follows: level I: observation with minimal activity was given one point, level II: partial involvement as first assistant or performing up to 50% activity was given two points, level III: full involvement from start to finish that caries more than 50% activity was given four points. Nonparametric statistical methods were used for analysis because some groups were small. Spearman\'s rank correlation test was used to correlate ordered and continuous independent variables. Comparison of continuous or ordinal data between two independent groups was performed using the Mann-Whitney U-test, while Wilcoxon signed-rank test was used to compare ordinal or continuous data for two related groups. The Friedman test was used to compare ordinal or continuous data in more than two related groups. A p value of less than 0.05 was considered statistically significant. Data were analyzed using the Statistical Package for the Social Sciences (IBM-SPSS version 21, Chicago, IL). The statistical analysis was done by one of the authors (FA-Z), who is a statistician.

Results
=======

Suturing, EFAST, airway management skills, and CPR procedures were encountered by students 550 (7.7%), 193 (2.7%), 95 (1.3%), and 40 (0.6%) times, respectively. The median (range) number of procedures for a single student was 4 (0-12) for suturing, 1 (0-10) for EFAST, 1 (0-9) for airway management skills, and 0 (0-3) for CPR.

The combined total weighted experiences of four procedures were significantly correlated with total OSCE station scores (p = 0.027, Spearman\'s rho = 0.19). Table [1](#TAB1){ref-type="table"} shows the significant correlation between suturing experience and its OSCE score (p = 0.036, Spearman's rho = 0.18). There was also a strong trend in correlation between EFAST experience and its OSCE score (p = 0.063, Spearman's rho = 0.16).

###### Procedures, weighted experience score, and OSCE scores

Data are presented as numbers and median (range) as appropriate. P value represents Spearman's rho correlation between weighted experience score and OSCE score.

CPR, cardiopulmonary resuscitation; EPAST, extended focused assessment sonography for trauma; OSCE, objective structured clinical examination.

  ----------- -------------------------- --------------------------------- --------------------------- ----------------- ---------
  Procedure   Total encountered number   Number of procedure per student   Weighted experience score   OSCE scores       P value
  Suturing    550                        4 (0-12)                          10 (0-42)                   2.5 (1 -2.5)      0.036
  EFAST       193                        1 (0-10)                          4 (0-40)                    2.25 (0.96-2.5)   0.063
  Airway      95                         1 (0-9)                           2 (0-26)                    2.34 (1 -2.5)     0.911
  CPR         40                         0 (0-3)                           0 (0-12)                    2.29 (0.99-2.5)   0.456
  Total       878                        6 (0-20)                          19 (0-68)                   9 (6.32-10)       0.027
  ----------- -------------------------- --------------------------------- --------------------------- ----------------- ---------

The weighted experience scores of procedures are shown in Figure [1](#FIG1){ref-type="fig"}. Suturing has the highest weighted experience score among procedures. There was overall significant difference in weighted experience between the four procedures (p \< 0.0001, Friedman's test). The weighted experience of each procedure was significantly different from each of the other procedure (all paired comparisons had p \< 0.0001, Wilcoxon signed-rank test).
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The OSCE station scores of the four procedures are shown in Figure [2](#FIG2){ref-type="fig"}. There was an overall significant difference between OSCE scores of the four procedures (p \< 0.0001, Friedman\'s test). Suturing was significantly higher than all other stations (all paired comparisons had p \< 0.0001, Wilcoxon signed-rank test). There was no significant difference in the OSCE scores of EFAST, airway skills, and CPR (p = 0.76, Friedman\'s test). 
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Student's performance level cut-offs for accumulated OSCE marks and weighted procedural experiences are shown in Table [2](#TAB2){ref-type="table"}. At all levels of performance, students who scored equal or above the cut-off level have higher median (range) weighted procedure experience score compared with students who scored less than the cut-off level. Equal and above performances on 90% and 95% cut-off levels showed significant difference with weighted procedure experience, p = 0.015 and p = 0.018 (Mann-Whitney U-test), respectively.

###### Student's performance level for accumulated OSCE marks and weighted experiences

P value = Mann-Whitney U-test.

OSCE, objective structured clinical examination.

  ------------------------------------------ --------------------------------------- ------------ -------
  Performance level cut-offs on OSCE marks   Median (range) of weighted experience   P value      
  Students ≥ cut-off level                   Students \< cut-off level                            
  75                                         19 (0--68))                             16 (5--34)   0.750
  80                                         19.5 (2--68)                            16 (0--34)   0.243
  85                                         20 (2--68)                              17 (0--57)   0.331
  90                                         22 (4--64)                              16 (0--68)   0.015
  95                                         22 (4--64)                              16 (0--68)   0.018
  ------------------------------------------ --------------------------------------- ------------ -------

Figure [3](#FIG3){ref-type="fig"} shows a box and whisker plot of total weighted experience scores by students who scored ≥90% and \<90% in OSCE stations.
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Discussion
==========

Our study has shown that the total weighted experience of clinical procedures was significantly correlated with their OSCE station scores. This was evident for suturing and EFAST stations. Students who achieved ≥90% of total OSCE scores (top students) showed significantly higher weighted procedure experience.

ED offers a variety of cases and procedures to students. The ED environment supplies multiple levels of experiences and backgrounds. Students may observe, partially or fully involved in, clinical cases and procedures in the ED. Problem-solving and decision-making exercises of learners with peers and role models are more effective compared with what learners can achieve on their own \[[@REF3]\]. New patterns of behavior can be acquired through direct experience or by observation \[[@REF1]\]. Therefore, observing skills in the ED help students to understand, change their behavior, and improve their knowledge on that specific skill. We should look beyond case volume itself \[[@REF17],[@REF23]\]. Jolly et al. reported that students who performed procedures achieve higher OSCE score compared with students who had only seen the procedures \[[@REF24]\]. They also showed that performing, assisting, or observing the procedures affect the OSCE scores. Therefore, weighing the level of involvement and accumulating them as a total experience may give proper evaluation for the effect of clinical experience on the OSCE scores.

Increased number of students and decreased patient resources is challenging for all medical schools \[[@REF25]\]. Students may finish the clerkship without enough exposure to each specific procedure. Similar to our results, others reported that suturing was the most commonly performed procedure by students \[[@REF9],[@REF26]\]. There were significant differences of exposure between all four procedures in our study as shown in Figure [1](#FIG1){ref-type="fig"}. CPR was the lowest encountered procedure similar to others \[[@REF9],[@REF25]\]. Students may underreport their clinical exposure in logbooks \[[@REF27]\]. Our study showed that the total weighted experiences were significantly correlated with the total OSCE scores. Similar to our results, Pugh et al. reported that trainees who perform more procedural skills scored higher in OSCE \[[@REF20]\]. Jolly et al. reported that students who work more hours in each shift (at least eight hours) scored higher in their OSCE \[[@REF24]\].

In contrast, other studies showed that OSCE scores were not related to clinical experience \[[@REF22],[@REF26]\]. Martin et al. emphasized that OSCE scores were correlated with study methods rather than clinical experience \[[@REF23]\]. Demonstrations by clinical teachers and role models can promote students' acquisition of skills \[[@REF24],[@REF28]\]. Simulations and practical skill exercises improve students' learning \[[@REF13],[@REF14]\]. Applying proper teaching methods may close procedural experience gap between students. Martin et al. stated that "well organized strategic learning styles influence the benefits of increased clinical experience and the best students are often the ones with greater than average clinical experience" \[[@REF23]\]. Similarly, our top students in OSCE had more weighted clinical experience score.

The influence of clinical exposure on students' learning and performance is multifactorial \[[@REF29]\]. The minimum required number of a procedure to accomplish the learning objectives or outcomes for that specific procedure in the EM clerkship is unknown. Jolly et al. showed that doing the procedure at least once provide a measurable increase in experience of medical students \[[@REF24]\]. In our study, we found a significant correlation between suturing and OSCE scores, and a trend in correlation between EFAST and OSCE scores. These two procedures had higher weighted experience scores. It is possible that having a median weighted procedure experience score of 10 might show significant effect on OSCE scores.

Limitations

It is important to highlight that there are some limitations of our study. There was little clinical procedural experience in some of the procedures. Students might have different experiences during the same clerkship \[[@REF30]\]. The clerkship period is probably short to demonstrate the effect of these procedures. Ladak et al. \[[@REF26]\] showed that shortening the rotation did have a negative impact on students' overall clinical experience, but not on their OSCE scores. Therefore, it is important to use other educational tools such as simulations and skills practice sessions especially when learning opportunities are limited for a specific procedure in the clinical setting. Using simulation may have reduced the effect of clinical procedures for the airway and CPR stations. In addition, all our students completed their BLS course before they started their clinical years. Therefore, this might be another reason for the lack of correlation between clinical experience and CPR and airway OSCE station scores. Furthermore, this may explain why EFAST, airway, and CPR had no significant difference in their scores as shown in Figure [2](#FIG2){ref-type="fig"}, despite differences in exposure as shown in Figure [1](#FIG1){ref-type="fig"}. Both airway and CPR are parts of the BLS course.

Conclusions
===========

This study shows that clinical experience of procedures improved OSCE scores of the same procedures. The top students showed significant higher weighted procedure experience. Educators should continue to find suitable learning opportunities for their students including hands-on skills whether in the clinical setting or outside it.
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